Wernher Researchi Unit on Deafness, Medical Research Council, London IT is a common experience that when any sound is applied to an ear it decreases the ability of that ear to perceive other sounds. If, while one sound is being applied to an ear, a second sound is gradually increased in intensity until the first sound can no longer be heard, the first sound is said to be masked by the second sound (Fletcher, 1929) .
This commonplace observation can be put to good use in clinical audiometry where it is often imperative while testing one ear to prevent perception of the audiometer tones by the other ear. In air-conduction audiometry, for example, if there is a large difference between the thresholds of the two ears, the sound applied to the deafer ear may be perceived by the opposite better ear, and the familiar shadow audiogram will result. Only by masking the hearing of the intruding better ear can this effect be prevented. Similarly in bone-conduction testing, even in a case where one labyrinth has been deliberately destroyed by surgical means, the sound stimulus will be perceived whichever mastoid the bone conductor is placed on, because even when the bone conductor is applied to the deafened side the sound will be transmitted to the good ear, almost without loss. In bone-conduction audiometry the untested ear should always be masked. Two other types of hearing test where, in many cases, accurate results can be obtained only when the untested ear is masked are speech audiometry and recruitment detection. . r The importance of masking as a necessary adjunct to monaural hearing testing has long since been recognized and a variety of ingenious methods have been tried. One of the earlier and bestknown examples is the noise box of Barany, a device still in everyday use. Other suggestions include the use of streams of air or water directed into the ear to be masked. Others have proposed for use as a masking sound a pure audiometer tone of the same frequency as the audiometer test tone; and at least one commercial audiometer has incorporated this method of masking. Many modern types of audiometer use mains hum for masking, while quite recently Zwislocki (1951) has utilized as a masking sound the audiometer tone itself, modified in a fashion to be described later, which is intended to make it distinguishable from the audiometer test tone.
Before discussing the relative merits of these methods and of our own suggestions, let us examine the features theoretically desirable in an ideal masking sound. Two different masking sounds which we may designate A and B may be equally effective in masking a given audiometer tone, but none the less the masking sounds A and B may differ markedly in loudness. It is obviously undesirable to have an unnecessarily loud masking sound, and we may therefore at this stage introduce a new term, the Masking Efficiency of a sound. This we define as the relation between a sound's ability to mask and 'Holder of a grant for research awarded by the Medical Research Council. its loudness. A sound with high masking efficiency is one with good masking ability but minimal loudness. This then is the first desirable feature of an ideal masking sound, it must be efficient. A second requirement is that the masking sound must, for two reasons, be readisy distinguishable from the audiometer test tone. First, it is a great advantage to be able to describe the two sounds to the test subject in terms which will not confuse him, and secondly, the test subject must from the description given him be able to recognize and distinguish the two sounds when he hears them simultaneously. This argument is all the more important when testing deaf subjects suffering from diplacusis.
The third, but by no means least important, desirable feature is that any apparatus required shall be as inexpensive as possible, and simple to operate.
Recapitulating, the three desirable features in the light of which we shall examine the usefulness of the various masking sounds are: (1) Masking efficiency; (2) distinguishability of masking sound from audiometer tone; (3) simplicity in use and manufacture.
It is scarcely necessary to enumerate the many objections to the use in audiometry of such masking devices as the B1rany noise box and jets of air or water. They are unpredictable in effect and awkward in use.
The objection to the use of a pure-tone masking sound having the same frequency as the audiometer tone -is that there will be grave difficulty in distinguishing the two sounds. This difficulty can be decreased by introducing a difference between the frequencies of the masking and the masked tones.
But as the difference between the two frequencies is increased so the efficiency of the masking sound decreases, and if the frequency difference is made large enough to permit ready distinction, the efficiency will be very low, or in other words the masking tone will have to be very loud to produce a given masking effect.
The masking of one audiometer tone by means of another tone of markedly different frequency is the principle underlying the use of mains hum as a masking sound. Here the masking sound, provided by the mains electricity supply, is a pure or near-pure 50 c/s tone. The apparatus required for the generation of mains hum is extremely simple, and there is no difficulty in distinguishing the masking sound from the audiometer test tone; but the hum will frequently need to be unpleasantly loud in order to produce a relatively small masking effect. This principle is used, however, with some slight modifications, by several audiometer manufacturers, one of whom claims that the masking effect of this type of noise is uniform for all the audiometer test-tone frequencies, and implies that the effect is independent of the type of deafness present in the ear to be masked. But our investigations of this type of noise have demonstrated its extreme unreliability. With a given amount of masking noise the masking effect produced upon a group of deaf subjects at each of the audiometer test-tone frequencies was found to vary almost at random by as much as 40 db., even after allowing for their-different degrees of deafness ( Fig. I) The presence in this noise of numerous harmonic components makes it impossible accurately to predict its masking effect upon a deaf subject whose pure tone threshold audiogram is not flat.
Another type of masking noise we mentioned is that proposed by Zwislocki. In this method part of the audiometer output is led to the tested subject in the usual fashion, but the remainder of the output is modified with the help of mains hum in such a way that what was a single pure tone becomes a collection ofdifferent tones ofslightly differing frequencies. This relatively simple manceuvre produces a masking sound which is efficient (in other words to produce a given masking effect it does not have to be excessively loud) but our experience has shown that many tested subjects, deaf and normally hearing alike, experience considerable difficulty in distinguishing the masking sound from the unmodified audiometer tone. We have already emphasized that for ease of testing it is desirable that the masking sound be readily distinguishable from the audiometer tone.
At this point it has become apparent that there may be room for improvement upon the masking methods we have reviewed. The major weak points in the masking sounds we have considered have been either poor masking efficiency, or difficulty of distinction, or a combination of both these faults.
The simplest way of providing ready distinguishability is to ensure that the masking sound shall always appear to be a definite noise when compared with the audiometer tone. Now a readily available type of noise having no resemblance whatsoever to a pure tone is white noise or random noise. It consists of a mixture of tones in which all audible frequencies are present in equal amounts, and its production involves only the most elementary electrical apparatus. Used without any modification white noise does exert a masking effect and it is readily distinguishable from all the audiometer tones (Fig. 2) .
But the masking effect of white noise depends to an unpredictable extent upon the shape of the tested subject's audiogram, and it is at best very inefficient. These two objections to the use of white noise as a masking sound can be overcome by filtering it in such a way that only those frequencies which are near to the frequency of the audiometer test tone remain. Thus, instead of containing all audible frequencies it will contain a band of relatively few frequencies centred around the test-tone frequency (Fig. 3) , and by using a variety of different filters the frequency at which the band centres can be varied. Such a filtering process will result in a masking sound much more efficient than unmodified white noise and much less dependent in its effect upon the shape of the audiogram. But if this process of filtering is carried too far and the band of frequencies left after filtering is too narrow, the resulting filtered noise will assume a tonal quality.
A number of tests were made to find out how far this filtering process can be carried; that is to say, how wide must the noise band remain in order to ensure that the noise does not lose its essential noise-like character and become a tone. We found that the white noise could be restricted to a band one-third of an octave wide and could still, in practice, be recognized as a noise by the vast majority of listeners. Any narrower band produced a sound with a readily recognizable tonal rather than noise quality. These observations led us to investigate further the suitability of one-third of an octave wide noise bands for use as masking sounds. Five of them centred about 250, 500, 1000, 2000 and 4000 c/s respectively were tested upon a group of normal and deaf subjects. It was found that the masking effect of all five noises upon their respective test tones was consistent and could be predicted in practice with accuracy; irrespective of the shape of the tested subject's audiogram (Fig.4) .
Further, determinations of the loudnesses of these noise bands, and of the other types of masking sound that we have mentioned, by means of the familiar loudness balance technique showed that, for a given masking effect, the one-third of an octave wide noise bands are as efficient as the best of the other masking sounds (Fig. 5 ). The first of the three desirable features which an ideal masking sound should display is efficiency, i.e. the sound should provide good masking effect but be as quiet as possible. On this score, as we have just pointed out, the one-third of an octave noise bands are the most suitable of the various Jounds we have reviewed. So far as the second criterion is concerned, these third of an octave bands are, as our experiments have indicated, noises rather than tones, and will therefore be readily distinguishable from the audiometer tones which they are intended to mask. There remains for consideration the third criterion, namely that the masking method shall be simple in use and require a minimum of extra apparatus. So far as simplicity in operation is concerned, it is merely necessary to know the hearing loss of the ear to be masked for the tone which is to be obscured. Supposing this hearing loss to be 20 db. and the masking effect required 30 db., then the masking sound attenuator must be set to the 20 + 30, that is, the 50 db. position. It is scarcely possible to devise any simpler method than this. The extra apparatus required is a gramophone reproducer which will replay recordings of the necessary third of an octave noises, plus an attenuator for the control of the intensity of the masking stimulus. It is felt that many hearing testing departments will already have a speech audiometer which will admirably serve,4he same purpose; in such a case the only additional cost will be that of the gramophone recording of the noises which we hope will be available in the near future. In the case of many pure-tone audiometers it will be possible for the manufacturers to incorporate this type of masking sound, the only additional expense being that of the record player.
As an alternative to the gramophone reproducer, it is possible to include a noise generator and the necessary filters in the pure-tone audiometer. In this event the audiometer control which selects the frequency of the test tone will, at the same time, select the correct masking noise band. The question of providing this added circuitory at low cost and without adding materially to the bulk of the puretone audiometer is at present being investigated. Information on these points, together with details of the electrical characteristics of the filters and other equipment used in these experiments, will be published in full elsewhere. Summarizing the points we have attempted to make, these third of an octave bands provide masking sounds of high efficiency which are easily distinguishable from the test tone they are intended to mask. They are simple in operation and independent of the tested subject's type of audiogram, and last but not least, the necessary apparatus is simple to manufacture and can be incorporated at low cost in mxsost commercial audiometers.
